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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new 
technical means which enables a work for 
culturing a cell group originated from a specific 
one cell, a work for specifying a cell to be 
interacted in a process for culturing the cell, 
simultaneously culturing and observing the cell, 
or a work for culturing a cell in a constant cell 
concentration, spraying a substance interacting 
with the cell, such as a signal substance, only on a 
specific cell in the cell group and then observing 
a difference between the cell and other cells, and 
to provide a new means which enables the 
recovery of only a specific state cell and the 
subsequent analyses of the gene, expression m- 
RNA and the like or the biochemical 
measurement of the cell. 
SOLUTION: This new technical means which 
makes it possible to culture the cell group 
originated from the specific one cell, 
characterized by comprising a cell- culturing portion comprising holes formed on a 
substrate, a semi-permeable membrane for covering the upper surface of the cell- 
culturing portion, a cell culture container disposed on the semi-permeable membrane and 
having a culture liquid-exchanging portion, a means for supplying a cell culture solution 
to the cell culture container, and a micro-optical means capable of observing the cells in 
the cell culture portion for a long period. 
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CLAIMS 



[Claim(s)] 

[Claim 1] 1 cell long-term-culture micro observation equipment characterized by having 
the cell culture container which has the cell culture section which consists of a hole 
prepared on the substrate, and the culture medium exchange section which established the 
top face of the cell culture section in wrap semipermeable membrane and the 
semipermeable membrane upper part, and providing the supply means of the cell culture 
liquid to a cell culture container, and the micro optical means which can observe the cell 
of cell culture circles over a long period of time. 

[Claim 2] For 1 micrometers or more, 1mm or less, and the depth, the path of the hole of 
the cell culture section is 1 cell long-term-culture micro observation equipment of claim 1 
characterized by being 1 00 micrometers or less. 

[Claim 3] A container is 1 cell long-term-culture micro observation equipment of claim 1 
characterized by being optically made of the transparent quality of the material. 
[Claim 4] Semipermeable membrane is 1 cell long-term-culture micro observation 
equipment of claim 1 characterized by being fixed to the top face of a substrate by 
association which used avidin and a biotin. 

[Claim 5] Semipermeable membrane is 1 cell long-term-culture micro observation 
equipment of claim 1 characterized by being [ with a molecular weight of 10000 or more 
and a pore size of 0.2 micrometers or less ] transparent semipermeable membrane 
optically. 

[Claim 6] The hole of the cell culture section is 1 cell long-term-culture micro 
observation equipment of claim 1 characterized by being prepared in the top face of or 
more at least two substrate. 

[Claim 7] 1 cell long-term-culture micro observation equipment of claim 6 characterized 
by the hole of the cell culture section being opened for free passage by the passage 
established in the substrate top face which can pass a cell in another hole. 
[Claim 8] 1 cell long-term-culture micro observation equipment of claim 1 characterized 
by for the waste fluid discharge means possessing in the cell culture container, being 
exchanged for the waste fluid in cell culture **** through semipermeable membrane in 
the culture medium supplied to the culture medium exchange section from a culture 
medium supply means, and discharging waste fluid by the waste fluid discharge means. 
[Claim 9] 1 cell long-term-culture micro observation equipment of claim 1 characterized 
by arranging the valve for discharging in a container the gas which remained in the 
container. 

[Claim 1 0] 1 cell long-term-culture micro observation equipment of claim 1 characterized 

by the means for controlling the temperature of culture medium possessing. 

[Claim 1 1 ] 1 cell long-term-culture micro observation equipment of claim 1 characterized 

by catching a cell and providing the means to which it is made to move. 

[Claim 12] 1 cell long-term-culture micro observation equipment of claim 1 1 

characterized by catching a cell and providing a photo pincette means as a means to 

which it is made to move. 

[Claim 13] 1 cell long-term-culture micro observation equipment of claim 1 1 
characterized by catching a cell and providing the means using a supersonic wave as a 
means to which it is made to move. 



[Claim 14] 1 cell long-term-culture micro observation equipment of claim 1 1 
characterized by catching a cell and providing the means using electric field as a means 
to which it is made to move. 

[Claim 1 5] 1 cell long-term-culture micro observation equipment of claim 1 characterized 
by providing the pipet which sprinkles a reagent in the hole of the cell culture section, 
and collects reagents. 

[Claim 16] 1 cell long-term-culture micro observation equipment of claim 1 characterized 
by the ability to carry out the fluorescence observation of the cell by putting in a filter on 
the optical path of a micro optical means. 

[Claim 17] 1 cell long-term-culture micro observation equipment of claim 1 characterized 
by having a means to control the location of a stage, and the focal depth of an objective 
lens in order to maintain a specific cell in the center of a visual field, a means to acquire 
image data, a means to recognize the configuration of a specific cell by image data, and. 
[Claim 1 8] 1 cell long-term-culture micro observation equipment of claim 1 characterized 
by having a means to measure the number of cells in the hole of the cell culture section. 
[Claim 1 9] 1 cell long-term-culture micro observation equipment of claims 1 or 1 5 
characterized by providing the pipet which can penetrate and introduce semipermeable 
membrane into the hole of the cell culture section, collects the specific cells inside a hole 
or pours in a reagent and enclosure material. 

[Claim 20] The 1 cell long-term-culture micro observation approach characterized by 
observing a cell over a long period of time using the equipment of claim 1 thru/or either 
of 19. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Invention of this application relates to 1 cell long-term-culture 
micro observation equipment. Invention of this application relates to the approach using 
the long-term-culture micro observation equipment of a cell and this which can be 
cultivated per 1 cell in more detail in the area of research of biotechnology which used 
the microorganism and the cell, carrying out microscope observation of the condition of a 
specific cell. 
[0002] 

[Description of the Prior Art] In the field of the conventional biology, medicine, and 
pharmaceutical sciences, although the response to change of the condition of a cell or the 
drug of a cell is observed, the average of the value of a cell population has been observed 
as if it is the property of one cell. However, that with which the cell cycle is aligning in 
the ensemble of a cell in fact is rare, and protein is discovered with the period from which 
each cell differed. Although the technique of synchronous culture is developed in order to 
solve these problems when the difference in the gene of each origin cell before culture 
may produce the difference in a protein manifestation and the result of the response to a 
stimulus is actually analyzed, since the origin of the cultivated cell is not from the one 
same cell at all The fluctuation of the cell reaction mechanism itself was difficult for 
showing clearly whether to be the fluctuation which originates whether it is a thing 
originating in the response fluctuation which it has universally in the difference in a cell 



(namely, difference in genetic information), moreover, since it was the same and was not 
what was generally completely cultivated from one cell also about the cell strain, the 
repeatability of the response to a stimulus was difficult for what swings by the difference 
in the gene of each cell, or clarifying. Although the stimulus (signal) to a cell is based on 
the physical contact of what is given with the amount of the signal matter contained in the 
solution of the cell circumference, a nutrition, and a dissolved gas, and other cells, two 
kinds have it further again. When a cell was conventionally observed in the area of 
research of biotechnology, it was observing by taking out temporarily from an incubator a 
part of cell population cultivated in the large-sized incubator, and setting to a microscope. 
Or microscope observation was performed, having enclosed the whole microscope with 
the container of plastics, having managed temperature, and managing carbon dioxide 
levels and humidity using another small container in it. Much proposals are made as an 
approach of making solution conditions regularity by exchanging the culture medium 
which became old, and fresh culture medium, cultivating a cell at this time. For example, 
by the approach currently indicated by JP,10-191961,A, if it raising and lowers, and a 
circulating pump operates the level of the culture medium to a base material front face 
between level higher than the upper limit marginal height of a base material, and level 
lower than lower limit marginal height and falls in the above-mentioned low, a culture 
medium will be supplied, and if it goes up to the above-mentioned high level, the 
nutriture is kept constant according to the device which discharges a culture medium. 
Moreover, one edge each of the trachea which opens for free passage introductory tubing 
which introduces a culture medium new in a culture container in JP,8-172956,A into a 
culture container, the exhaust pipe which discharges the culture medium of a culture 
container outside, and the gas part and the pump of a culture container was inserted, the 
filter which prevents invasion of the bacillus into a culture container has been prepared in 
each duct of said introductory tubing, an exhaust pipe, and a trachea, and it has 
composition which keeps the nutriture of a cultivation tank constant. 
[0003] However, the approach of cultivating, while controlling the solution environment 
of a cultured cell and the physical contact between cells is not learned in spite of these 
proposals. Moreover, when cultivating, only one specific cell is chosen and the technique 
of cultivating the one cell as a cell strain is not known. And when observing a cell, the 
technique which carries out culture observation is not known, either, specifying the 
technique which controls the solution environmental condition of a cell and controls the 
cell concentration in the inside of a container uniformly, or the cell which interacts. 
[0004] 

[Problem(s) to be Solved by the Invention] When cultivating a cell, in order to start 
culture from a cell population, in a Prior art, it was not the cell strain which has the same 
gene completely, so that clearly from the above thing. Moreover, it was difficult to 
cultivate sorting out specific cells and controlling the interaction or concentration by the 
Prior art, when cultivating. Furthermore, although the work which keeps a solution 
environment constant by exchanging the culture medium of a cultivation tank was carried 
out in the Prior art, it was difficult to change the environment of the specific cell under 
culture promptly within a cultivation tank, and to observe the response. 
[0005] Then, culture observation is carried out [ cultivating the cell population which 
invention of this application cancels the trouble of the conventional technique as above, 
and originates in one specific cell, or ], specifying the cell which carries out an 
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interaction in the process in which a cell is cultivated, The matter which interacts with 
cells, such as drugs, such as signal matter, only into the specific cell in the cell population 
which is cultivating the cell, with cell concentration fixed is sprinkled, and it is making 
into the technical problem to offer the new technical means which makes it possible to 
observe the difference of change between the cell and other cells etc. Moreover, 
invention of this application collects only the cells in a specific condition, and makes it 
the technical problem to offer the new means which makes it possible to perform 
analyses, such as a gene of that cell, and Manifestation mRNA, or biochemical 
measurement. 
[0006] 

[Means for Solving the Problem] Invention of this application is equipped with the cell- 
culture container which has the cell-culture section which consists of a hole prepared on 
the substrate as what solves the above-mentioned technical problem, and the culture- 
medium exchange section which established the top face of the cell-culture section in 
wrap semipermeable membrane and the semipermeable-membrane upper part, and offers 
the 1 cell long-term-culture micro observation equipment characterized by to provide the 
supply means of the cell-culture liquid to a cell-culture container, and the micro optical 
means which can observe the cell of cell-culture circles over a long period of time. 
[0007] And in invention of this application, it provides [ description / of the gestalt on a 
configuration ] about above equipment, for example, with the above 1 cell long-term- 
culture micro observation equipment of invention of this application A small culture 
container is arranged on the optical path of a micro observation system. Said interior of a 
container It consists of the solution exchange **** exchange sections with the coarse eye 
which is extent which cannot pass the cell culture section which consists of a small hole 
for cultivating a cell, and the cell which covers the top face so that a cell may not come 
out from a hole in which culture medium circulates through transparent semipermeable 
membrane and its top face optically. Moreover, the cell culture section consists of an one 
or more number of width of face mum to about hundreds of micrometers small hole, and 
has a means to guide and cultivate the purpose cell in the hole. In the cell culture section, 
a nutrition and oxygen required for a cell to grow by diffusion from the liquid circulation 
section are always supplied to a cell from the liquid exchange section, and excrement or 
secrete has the means removed conversely and a means to observe a cell optically here. 
Moreover, it has a means to control the class of the number of cells of each hole of the 
cell culture section, and cell in a hole, by the haulageway made between non-contact 
capture techniques, such as a photo pincette, and each hole. 

[0008] Moreover, with the equipment of invention of this application, it have a means to 
control the solution temperature inside said container, with temperature control means, 
such as the Bell Choi component, this invention arrange degassing means, such as a 
degassing eel and a gas permutation eel, further in liquid sending tubing which send out 
culture medium to the liquid exchange section from a culture medium reservoir, and it 
have the means which can control freely the class and concentration of a dissolved gas of 
culture medium. 

[0009] By guiding tips, such as a pipet, to the top face of a specific hole, and sprinkling 
drugs etc. with the equipment of invention of this application, further again It has a 
means to have effect of drugs only on the cell in the specific hole which separated 
semipermeable membrane, and a means to penetrate the above-mentioned semipermeable 



membrane with a pipet etc., and to have a means to extract one specific cell from a 
specific hole, and to introduce an inclusion agent etc. into a specific hole with a pipet etc. 
similarly. 
[0010] 

[Embodiment of the Invention] Although invention of this application has the description 
as above-mentioned, it explains the gestalt of that operation below. 
[001 1] First, the expression with "1 Cell" as which it is specified in invention of this 
application that it must clarify is not limited to dealing with only one cell. It is what the 
cell of two or more individuals may be cultivated in the hole of the cell culture section, 
and it is that invention of this application is considering as the description to make it 
possible to control and observe the culture circumstances of a single specific cell etc., 
even if it is such two or more culture. The convention with "1 Cell" means this. 
[0012] moreover, he is the relative convention corresponding [ even if it is, are not 
understood as absolute criteria, and ] to the class of each cell convention 5, and I should 
be understood as a thing with a "long period of time" for which the control and 
observation of culture circumstances etc. in a long period of time are enabled more 
compared with the conventional approach. 

[0013] Let the above thing be a premise in invention of this application. Drawing 1 shows 
an example of the basic configuration of the long-term-culture microscope observation 
equipment of invention of this application. If it explains along with this drawing 1 , the 
long-term-culture observation equipment of invention of this application cultivated the 
microorganism and the cell, and is equipped with the culture container 1 05 for which it 
enabled it to exchange that culture medium. And adjusting the component of the culture 
medium sent in this culture container 105, temperature, an ambient atmosphere, a 
gaseous class, concentration, etc., supply / abandonment system of culture medium which 
offers culture medium, and the cell in the culture container 1 05 were observed with time, 
and it has the micro observation optical system recorded on video, a personal computer, 
etc. 

[0014] If instantiation explanation is given more concretely, the gas exhaust valve 104 for 
discharging gases, such as air which remained in the container, is formed in the culture 
container 1 05 with which a cell is cultivated, and it has the structure where the culture 
container 1 05 is filled with culture medium. The magnitude of the base of the culture 
container 1 05 is the magnitude suitable for micro observation. Moreover, this culture 
container 105 is on the stage 107. 

[0015] If culture medium supply / abandonment section is explained, solution 
temperature accommodation will be first carried out at a heater 122, the culture medium 
supplied from the culture medium feeder 1 2 1 which has the function which supplies two 
or more classes and the culture medium with which concentration differs will be led to 
the culture container 105 with a tube, and the component of dissolved gases, such as air, 
will be adjusted in it by the dissolved gas swap device 123. Subsequently, the rate of flow 
is adjusted with a pump 124, and it is sent to the culture container 105 through a tube 
125. 

[0016] Another tube 126 is arranged at the culture container 105, and the solution in the 
culture container 105 is sent to the waste fluid reservoir 128 by suction of a pump 127 
through a tube 126. Here, a pump 124 and a pump 127 perform supply and discharge of 
the culture medium of the culture container 1 05 by the same rate of flow, when 



observing, but after the gas exhaust valve 1 04 has closed, they can omit a pump 124 or a 
pump 127. A heater is attached in the waste fluid reservoir 128, it enables it to adjust the 
temperature of culture medium, and the air in culture medium can also be changed into 
the condition of having been saturated, by sending air etc. to a culture medium reservoir 
through a tube with a pump. 

[001 7] A culture medium reservoir can be connected with the waste fluid reservoir 128 
with a tube, and the feeder of culture medium feeder 121 grade can also be made to 
circulate through culture medium by opened and closing a valve. In this case, a filter is 
arranged in the middle of a tube, and you may make it remove the excessive component 
in waste fluid. 

[001 8] It enables it to irradiate a sample from vertical 2 direction in the optical system in 
the basic configuration shown in drawing 1 . It is adjusted on specific wavelength by the 
filter 102, it is condensed with a condensing lens 103, and the light irradiated from the 
upside light source 101 is irradiated by the culture container 105. The irradiated light is 
used for observation with an objective lens 131 as the transmitted light. By the mirror 
1 13, the transmitted light image of the culture container 105 interior is guided to a camera 
115, and carries out image formation to the light-receiving side of a camera. Therefore, as 
for the material of the cell culture section substrate 106 which actually cultivates a cell on 
the culture container 105 and a culture container base, it is desirable that it is a 
transparent material optically. Specifically, solid-state substrates, such as glass, such as 
borosilicate glass and quartz glass, resin, such as polystyrene, and plastics or a silicon 
substrate, are used. Moreover, when using especially a silicon substrate, the light of 
wavelength with a wavelength of 900nm or more is used for observation. After 
wavelength selection of the light irradiated from the lower light source 1 10 is made with 
a filter 1 1 1, it is guided to the objective lens 131 with the dichroic mirror 1 12. It is used 
as an excitation light of fluorescence observation of the culture container 1 05 interior. 
The fluorescence emitted from the culture container 105 is again observed with an 
objective lens 131, and can observe only fluorescence and the transmitted light after 
cutting excitation light with a filter 1 14 with a camera 1 1 5. At this time, by adjusting the 
combination of filters 102, 1 1 1, and 114, only the transmitted light can be observed with 
a camera 115, only fluorescence can be observed, or a transmitted light image and a 
fluorescence image can also be observed to coincidence. In the optical path, the device 
which introduces into an objective lens 131 the laser light which made it generate in the 
laser light source 108 with the movable dichroic mirror 109 is also equipped. When using 
this laser as a photo pincette, it is possible to move the focusing location of the laser 
within the culture container 105 by moving a movable dichroic mirror, moreover , the 
image data obtained with the camera can drive the motor 1 32 for stage migration move to 
an X-Y-Z direction free , in order to control the location of the movable dichroic mirror 
1 09 and the stage with a temperature control function where the culture container 1 05 
appear based on various analysis results , such as a result of having observe the 
temperature of the thermometry machine which be analyzed by image processing 
analysis equipment 1 16 , in addition be attached to the culture container 105 . It is 
possible to recognize the configuration of a cell by this, or to pursue the cell after 
recognition, and to double the focus of an image with a specific cell by adjusting distance 
with an objective lens. [ that you make it always located at the core of an image ] Or the 
movable dichroic mirror 1 09 and the stage 1 07 with a temperature control function where 



the culture container 1 05 appears are controllable by the period of fixed time amount, or 
it is at fixed spacing and the motor 132 for stage migration can be driven. 
[0019] Drawing 2 illustrates arrangement of the culture container illustrated to drawing 1 
. Drawing 3 and drawing 5 illustrate the A-A cross section of this drawing 2 . the cell 
culture section substrate [ in / the tube 203 for the gas exhaust valve 201 and culture 
medium supply and the tube 204 for discharge of waste fluid are formed in the culture 
container 202 shown in this drawing 2 like the above, and / in the pars basilaris ossis 
occipitalis of the culture container 202 / drawing 1 ] 106 — the same ~ the cell culture 
section substrate 205 is arranged. 

[0020] Although it can consider, for example as glass about the culture container 202, 
besides glass, it is products made of resin, such as polypropylene and polystyrene, and 
various kinds of transparent containers can be used optically. 
[0021] Moreover, it is also observable with near-infrared light with a wavelength of 
900nm or more using solid-state substrates, such as a silicon substrate. The sectional 
view of drawing 3 is illustrated about the configuration with which the culture container 
of invention of this application for a cell culture and this were equipped. 
[0022] The culture medium sent from the culture medium feeder 121 of said drawing 1 is 
accumulated in liquid exchange section 301 A of the culture container 301 through the 
tube 302 of drawing 3 . And the fresh culture medium accumulated in this liquid 
exchange section 301 A is exchanged through the culture medium and semipermeable 
membrane 304 in the cell culture section 306 which became old. 
[0023] The cell culture section 306 is constituted by two or more holes established in the 
substrate 305. The seal of the semipermeable membrane 304 is carried out to the top face 
of this hole. Therefore, the cell enclosed in the hole 306 has the structure where it cannot 
come out from this hole, and saprophytic bacteria, such as bacteria, do not enter from the 
culture medium section. 

[0024] The magnitude of this hole needs to be larger than the magnitude of one cell. 
Therefore, although it is based also on the magnitude of a cell when cultivating a cell, the 
diameter of opening is 3mm or less, and, generally the depth can set the magnitude to 300 
micrometers or less, for example. More preferably, for effective achievement of the 
expected purpose of invention of this application, it considers as the range whose 
diameter of opening is 1 micrometer - 1mm, and the thing which is in the range of 10 
micrometers - 50 micrometers still more preferably, and the depth may be 100 
micrometers or less. Moreover, these diameters of opening and depth are suitably 
adjusted according to the magnitude of the cell to cultivate, and a class. 
[0025] Moreover, considering diffusion of culture medium, also about the height of liquid 
exchange section 301 A of the culture container 301, it is desirable for h to be larger than 
the depth of a hole. And when performing micro observation and an optical trap using a 
100 times as many objective lens as this, a thick thin substrate needs to be used for the 
thickness of a cell culture section substrate from using an objective lens with high 
numerical aperture again. For example, when a substrate is boro-silicated glass, it is 
necessary to use a substrate with a thickness of 0.3mm or less. 

[0026] The hole which constitutes the cell culture section 306 may have more than one as 
aforementioned, and the target cell will be cultivated in this hole. The waste fluid of 
culture medium will be extracted with a tube 303 from liquid exchange section 301 A. 
Since the depth of the hole of the cell culture section 306 is very shallow, exchange of 



culture medium will be performed promptly and culture medium older than a tube 303 
will be discharged. 

[0027] About semipermeable membrane 304, a cell shall not pass but it shall have the 
micropore of the magnitude which is extent into which the bacteria of the external world 
etc. do not go. In invention of this application, semipermeable membrane is 10000 or 
more molecular weight MW, and, more specifically, its thing with a pore size of 0.2 
micrometers or less it is [ a thing ] optically transparent is desirable. 
[0028] Since semipermeable membrane 304 has the pore size which is extent through 
which a cell does not pass as mentioned above, in saprophytic bacteria entering [ the 
liquid exchange section of the culture container 301 ] from 301 A, a cell does not flow out 
of the hole of the cell culture section 306 into liquid exchange section 301 A. 
[0029] A substrate 305 and the culture container 301 are stuck with the bonded seals 307, 
such as a silicon seal, as illustrated to drawing 3 . Culture medium leaking and coming 
out from liquid exchange section 301 A by this, is prevented. And except the upper part of 
the hole of the cell culture section 306, the adhesion seal of the semipermeable membrane 
304 is carried out to a substrate 305, and it is made for there to be no clearance. This is 
because a cell cannot be moved between one hole and another hole, when the cell culture 
section 306 is constituted by two or more holes. 

[0030] As a means for adhesion, the approach of of such a substrate 305 and 
semipermeable membrane 304 which used association with avidin and a biotin, for 
example is effective. Drawing 4 is the outline sectional view which illustrated this 
association. The biotin and -(CO)-NH which change - OH radical of semipermeable 
membrane 401 into -CHO radical partially and by which the amino group was 
embellished in this between semipermeable membrane 401 and a substrate 402 as 
semipermeable membrane 401 when glass was used for the substrate 402 of the cell 
culture section for a cellulose wall - It is made to join together. Thus, a biotin 404 is 
embellished by semipermeable membrane 401 front face. On the other hand, the amino 
group can be embellished on a front face by the silane coupling agent in glass substrate 

402 front face, and a biotin can be embellished with making it react with a biotin with - 
CHO radical on substrate 402 front face like semipermeable membrane after that. Avidin 

403 is added here and semipermeable membrane 401 is pasted up on the cell culture 
section substrate 402 by biotin-avidin association. 

[0031] Thus, the biotin (404) which carried out joint arrangement joins mutually together 
through avidin 403, and he is trying to stick to the front faces of semipermeable 
membrane 401 and a substrate 402 except for the part of the hole of the cell culture 
section 405. The seal effectiveness excellent in this is realized. 
[0032] Drawing 5 is the schematic diagram which illustrated the situation of culture of 
the cell 503 in the hole of the cell culture section 502 established in the substrate 501. 
According to culture by invention of this application, even when a 60 times as many 
objective lens as this is used, for example, the cell 503 in the hole of the cell culture 
section 502 can be observed with a phase-contrast microscope, a differential interference 
microscope, and a fluorescence microscope like the usual prepared slide. In addition, 
semipermeable membrane 504 is also shown in drawing 5 . 
[0033] Moreover, in drawing 5 , although the bowl-like hole is illustrated, the 
configuration may be various kinds, such as a rectangle and a polygon. The hole as the 
cell culture section can be arranged by the predetermined pattern at equal intervals as two 



or more cell culture sections 602 on a substrate 601 as a thing of the magnitude of 
homogeneity or abbreviation homogeneity like drawing 6 . Moreover, the cell culture 
sections 702, 703, 704, 705, and 706 as a hole where magnitude differs gradually may be 
formed on a substrate 701 like drawing 7 . Drawing 8 is the schematic diagram which 
illustrated the cell 803 in the hole of the cell culture sections 802 and 804 where these 
magnitude differs, and the situation of culture of 805. At this time, although both the 
numbers of cells in a hole are 1 , the cell concentration which broke the number of cells 
by the volume of a hole differs. Thus, with the same number of cells, the reaction of the 
cell in different concentration is observable controlling the volume of a hole. 
[0034] And it cannot be overemphasized the arrangement pattern of the hole as the cell 
culture section, the number of arrangement, and that you may set suitably about the 
magnitude of a hole or its configuration further. It becomes possible to change cell 
density by changing the magnitude of the mean free path of the cell made into the 
purpose object by changing the magnitude (diameter) of the hole of the cell culture 
section, for example according to invention of this application, or changing the number of 
the cells for the purpose put into the hole of the same magnitude (diameter). Moreover, 
the configuration of the hole for a cell culture can be changed and the effect and 
effectiveness which are given to the cell of the configuration can also be observed. 
[0035] Moreover, according to invention of this application, as illustrated, for example to 
drawing 9 , two or more holes as the cell culture section 902 and this hole may be 
connected with the substrates 901, such as glass, and the slot 903 as thin passage along 
which one cell can pass barely may be established in the front face of a substrate 901 at 
them. Passing speed, performance traverse, etc. of a cell can be measured by forming the 
slot 903 as this passage. Or a cell is movable to another adjoining cell culture **** 
through passage using particle prehension means, such as a photo pincette. It is possible 
to carry out the interaction of separation and the cells of the specification [****/ choose 
] in a hole for a cell, or to control the number of cells in a hole by using a photo pincette. 
[0036] Drawing 10 is the flat-surface schematic diagram which illustrated actuation of 
such cell migration. The hole as the cell culture section 1002 and the slot 1003 as passage 
which connects these are established in a substrate 1001, and the cell 1004 is made 
movable through the slot 1003 in another hole B with photo pincette 1005 means from 
the hole A of the cell culture section 1002. Photo pincette 1005 means in this case is a 
means known well until now, and is a means which makes a cell movable by migration of 
laser focusing light by irradiating laser focusing light at an object cell with the condition 
of having caught and caught the cell. 

[0037] According to the means of such a photo pincette 1005, as illustrated, for example 
to drawing 1 1 Make it open for free passage in the slot 1 1 03 as passage, and the hole of 
the cell culture section 1 102 established in the substrate 1101 and the hole of the cell 
reservoir 1 104 are set in structure, the cell of the hole of the cell reservoir 1 104 to 
specification — a photo pincette — the hole of the cell culture section 1 102 — ****-- it 
can come — reverse — the cell of specification [ the hole of the hole of the cell culture 
section 1 102 to the cell reservoir 1 104 ] - shift - or it can also throw away. Or as 
illustrated to drawing 12 , 1 cell purification culture system can also be constructed on the 
cell culture section substrate 1201 again. In this case, first, a cell is introduced into the 
sample induction 1202 from the outside, a slot is moved using prehension means, such as 
a photo pincette, and one cell in this is guided to the hole 1204 for cell cultures. It has 



prevented placing the hole 1203 for cell traps in the middle of this slot, and a cell's 
swimming from 1202, and advancing into a hole 1204. Next, from the cell population 
which it was cultivated from one cell and increased in the hole 1204, one cell of a 
specific condition is taken out again, a slot is similarly moved using a capture means and 
this is guided to the 2nd hole 1206 for culture. On the way, there is a hole 1205 for cell 
traps similarly. When the cell cultivated in the hole 1206 changes into the fixed condition 
of having increased, it is carried through the slot 1207 for cell conveyance in the hole 
1208 for cell observation, and observation etc. is made. 

[0038] Drawing 13 shows an example of another culture container with which the 
examples shown by drawing 2 differ. In this example, introduce a pipet 1307 from the 
exterior, semipermeable membrane 1304 is made to penetrate, and the cells in a hole 
1 306 are collected alternatively. Therefore, the top face is opened wide, and the culture 
container 1301 is stretching a mineral oil 1312 on the culture medium 1313 filled in the 
container, and has prevented mixing of saprophytic bacteria. The amount of the culture 
medium introduced by the flow of the direction of an arrow head 1311 through a tube 
1302 By having become less than the amount of the solution attracted in the direction of 
an arrow head 1317, and using the oil-level height control section 1315 If this oil-level 
height becomes lower than the solution outlet 13 16, air will be attracted, suction of a 
solution will stop, the height of an oil level will go up, if an outlet 1 3 1 6 is taken up, 
culture medium will be attracted again and the height of an oil level will be kept constant 
as a result. He is trying for the ripple of an oil level not to affect optical observation in 
this example by installing the oil-level height control section separately in the culture 
container 105. A pipet 1307 can also be used in order to attract a cell, but in order to plug 
up a specific hole and a specific slot, can pour in a bulking agent or can also use it for 
penetrating semipermeable membrane and introducing a specific cell into the cell culture 
section here. For example, when introducing a specific sample into the sample induction 
1202 of 1 cell purification culture system shown by drawing 12 , it can use. If it moves 
through a slot with capture means, such as a photo pincette, to the hole by which the seal 
was carried out by semipermeable membrane before other cells etc. invade from the tear 
of semipermeable membrane, contamination is satisfactory and it can experiment in the 
cell introduced by the pipet at this time. Moreover, since the cell of a specific condition is 
[ with this example ] recoverable with a pipet 1 with 1 cell unit, gene polymorphism 
analysis of this one cell, mRNA manifestation analysis, etc. can be performed. 
[0039] Drawing 14 shows the example which introduces a reagent in order to apply 
induction etc. to the cell in the specific hole 1402. The pipet in this case is having dual 
structure, emits a solution from the inside pipet 141 1, and performs suction from the 
outside pipet 1412. The solution emitted from the inside pipet 141 1 by this is distributed 
only near [ the ] the outlet, and has the structure where there is no solution in an outer 
field leakage appearance from the outside pipet 1412 by suction from the outside pipet 
1412. Therefore, an operation can be given only to a specific cell by having this pipet 
near the specific hole. 

[0040] In addition, although controlling the concentration of the specific cell in the hole 
of the cell culture section by migration of the cell by the means of prehension migration, 
such as a photo pincette as aforementioned of this invention, specification of the cell 
which interacts, control of an interaction period, etc. are attained, prehension of a cell and 
the means for migration are not restricted to the above-mentioned photo pincette. For 
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example, you may be a means using a supersonic wave and may be a means to use 
electric field. 

[0041] One of the examples which introduced two or more electrodes 1501, 1505, and 
1508 is shown in the cell culture section substrate 1501 at drawing 1 5 . From having a 
specific charge according to the surface state in a solution, a cell can draw near the cell 
1511 with an opposite charge to a hole 1 503, if positive charge is impressed, for example 
to an electrode 1502. using this technique — holes 1503, 1506, and 1509 - it will be 
alike, respectively and the cells according to the strength of negative charge will gather. 
If negative charge is impressed to electrodes 1505 and 1508, it will become impossible 
moreover, for a cell to move between each hole. 

[0042] Moreover, one of the examples which have arranged electrodes 1602 and 1603 to 
the cell culture section substrate 1601, and have arranged ultrasonic vibrators 1604 and 
1605 is shown in drawing 16 . In this example, electric field 1611 and the ultrasonic 
radiation pressure 1612 are used as non-contact force of operating a cell. Electric field 
give the external force according to the surface charge which a cell has to a cell, and 
ultrasonic radiation pressure exerts the external force according to the size and hardness 
of a cell on a cell. As for the frequency of the supersonic wave used at this time, it is 
desirable to use the frequency of 1MHz or more in order to control cellular (cavitation) 
generating by the supersonic wave. In this example, the cell distribution according to the 
charge and size in which a cell has ultrasonic radiation pressure and electric field 
concretely by making it act in the different direction which intersects perpendicularly 
mutually can be developed to two-dimensional. Moreover, although this example 
performed separation according to the class of cell by combining the external force by 
electric field, and the external force by the supersonic wave on one substrate, the external 
force by electric field and the supersonic wave may be used independently, respectively, 
and you may use for conveyance of a cell. Cell handling which was used with the photo 
pincette by this is possible. 

[0043] And in invention of this application, further, it can have a means to measure the 
number of cells in the hole as the cell culture section, and semipermeable membrane can 
be penetrated and introduced into the hole of the cell culture section, and the specific 
cells inside a hole can be collected or it can also have the pipet which can pour in or 
collect a reagent and enclosure material in a hole. In addition, it cannot be 
overemphasized that the thing of various many ways is made possible, without being 
limited to the above instantiation explanation in any way about the configuration on 
operation of details. 

[0044] For example, in the 1 cell long-term-culture micro observation equipment of this 
application as above, the following outstanding effectiveness will be acquired, for 
example. 

(1) A specific cell can be isolated and it can observe for a long time. 

[0045] (2) The class of culture medium and temperature are freely changeable in the 

middle of culture. 

(3) The volume of the container to cultivate and a configuration can be set up freely. 

(4) The number of the cells to cultivate is correctly controllable in the middle of culture. 
[0046] (5) Other saprophytic bacteria do not go into the container currently cultivated. 
While being divided if there is no difference in the growth rate between each generation 
and the divided die length and it becomes twice as many die length as this in growth 



observation of Escherichia coli as illustrated to drawing 17 R> 7 by using the above- 
mentioned equipment of this application was checked, the magnitude of the hole of the 
cell culture section, i.e., the request nature to the volume, was checked by growth like 
drawing 1 8 . At drawing 1 8 , it is largr. About 2x10 to 7 ml, it is small. 2x10 to 9 ml is 
shown. 

[0047] Moreover, it was checked that the fission time amount by the generation and the 
fission time amount by initial number of microorganism have a difference, fission 
initiation takes time amount like drawing 19 by the fission which is the 1 st time, and 
fission initiation takes time amount rather than the case of two or more cells in being one 
cell. 

[0048] Such a thing will not be made possible without the equipment and the approach of 
invention this application which enable long term culture in 1 cell level, and micro 
observation. 
[0049] 

[Effect of the Invention] Culture observation is carried out [ cultivating the cell 
population which cancels the trouble of the conventional technique and originates in one 
specific cell by invention of this application as explained in detail above, or ], specifying 
the cell which carries out an interaction in the process in which a cell is cultivated, The 
matter which interacts with cells, such as drugs, such as signal matter, only into the 
specific cell in the cell population which cultivates a cell, with cell concentration fixed, 
and which is cultivated is sprinkled, and the new technical means which makes it possible 
to observe the difference of change between the cell and other cells etc. is offered. 
Moreover, invention of this application recovers only the cell in a specific condition, and 
the new means which makes it possible to perform analyses, such as a gene of that cell 
and Manifestation mRNA, or biochemical measurement is offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 11 It is the mimetic diagram showing an example of the basic configuration of 
this invention. 

[Drawing 21 It is the mimetic diagram showing the equipment configuration of 1 cell 
culture section shown by drawing 1 . 

[Drawing 31 It is the mimetic diagram showing the A- A cross section of 1 cell culture 
section shown by drawing 2 . 

fDrawing 41 It is the mimetic diagram showing an example of the adhesion approach of a 
substrate and semipermeable membrane. 

fDrawing 51 It is the mimetic diagram showing the situation of cell capture of the cell 
culture section. 

fDrawing 61 It is the mimetic diagram showing an example of the structure of the hole on 
the front face of a substrate. 

fDrawing 71 It is the mimetic diagram showing an example of the structure of the hole on 
the front face of a substrate. 

fDrawing 81 It is the mimetic diagram showing the cross-section structure of the hole on 
the front face of a substrate where the magnitude shown by drawing 7 differs. 



[Drawing 91 It is the mimetic diagram showing an example of the structure of the hole on 
the front face of a substrate. 

[Drawing 101 It is a mimetic diagram explaining a means to carry a cell between the 
holes shown by drawing 9 using the photo pincette. 

[Drawing 1 1 1 1t is the mimetic diagram showing an example of the structure of the hole 
on the front face of a substrate. 

[Drawing 121 It is the mimetic diagram showing an example of the structure of the hole 
on the front face of a substrate. 

[Drawing 131 It is the mimetic diagram showing an example of the equipment 
configuration of the cell culture section. 

[Drawing 141 It is the mimetic diagram showing an example of the equipment 
configuration of the cell culture section. 

[Drawing 151 It is the mimetic diagram showing an example of the structure of the hole 
on the front face of a substrate. 

[Drawing 161 It is the mimetic diagram showing an example of the structure of the hole 
on the front face of a substrate. 

rDrawing 171 It is drawing which illustrated the growth rate between the generations of 
Escherichia coli, and the observation result of fission die length. 
[Drawing 181 It is drawing which illustrated the observation result of the volume 
dependency about growth of Escherichia coli. 

fDrawing 191 It is drawing having shown the fission time amount by the generation, and 
the observation result of the difference by initial number of microorganism about fission 
of Escherichia coli. 
[Description of Notations] 

101 110 Light source 

102 111 Filter 

103 114 Condensing lens 

1 04 Gas Exhaust Valve 

105 Culture Container 

106 Cell Culture Section Substrate 

107 Stage with Temperature Control Function 

108 Laser Light Source 

1 09 Movable Dichroic Mirror 

1 12 Dichroic Mirror 

113 Mirror 

115 Camera 

1 1 6 Image-Processing Analysis and Recording Device 

121 Culture Medium Feeder 

122 Heater 

123 Dissolved Gas Swap Device 

124 127 Pump 

125 126 Tube 

1 28 Waste Fluid Reservoir 

131 Objective Lens 

132 Motor for Stage Migration 
201 Gas Exhaust Valve 



202 Culture Container 

203 204 Tube 

301 Culture Container 

301A Liquid exchange section 

302 303 Tube 

304 Semipermeable Membrane 

305 Cell Culture Section Substrate 

306 Cell Culture Section 

307 Bonded Seal 

401 Semipermeable Membrane 

402 Cell Culture Section Substrate 

403 Avidin 

404 Biotin 

405 Cell Culture Section 

501 Cell Culture Section Substrate 

502 Cell Culture Section 

503 Cell 

504 Semipermeable Membrane 

601 Cell Culture Section Substrate 

602 Cell Culture Section 

701 Cell Culture Section Substrate 

702, 703, 704, 705, 706 Cell culture section 

801 Cell Culture Section Substrate 

802 804 Cell culture section 

803 805 Cell 

901 Cell Culture Section Substrate 

902 Cell Culture Section 

903 Slot 

1001 Cell Culture Section Substrate 

1002 Cell Culture Section 

1003 Slot 

1004 Cell 

1005 Photo Pincette 

1 101 Cell Culture Section Substrate 

1 102 Cell Culture Section 

1103 Slot 

1104 Cell Reservoir 

1201 Cell Culture Section Substrate 

1202 Sample Induction 

1203 1205 Hole for cell traps 

1204 1206 Hole for cell cultures 

1207 Slot 

1208 Hole for Cell Observation 

1301 Culture Container 

1302 1303 Tube 

1 304 Semipermeable Membrane 



1305 Cell Culture Section Substrate 

1306 Hole 

1307 Bonded Seal 
1308Pipet 

1311, 1314, 1317 Flow of culture medium 

1312 Film of Mineral Oil 

1313 Culture Medium 

1315 Oil-Level Height Control Section 

1316 Solution Outlet 

1401 Cell Culture Section Substrate 

1402 Hole 

1403 Cell 

1404 Semipermeable Membrane 

1411 Solution Emission Pipet Section 

1412 Solution Suction Pipet Section 

1413 Flow of Pipet Effluent 

1414 Flow of Pipet Aspirate 

1501 Cell Culture Section Substrate 
1502, 1505, 1508 Electrode 
1503, 1506, 1509 Hole 
1504 1507 Slot 

1510 Direction Which Cell Moves 

1511 1512 Cell 

1601 Cell Culture Section Substrate 

1602 1603 Electrode 

1604 1605 Ultrasonic vibrator 

1611 Sense of Electric Field 

1612 Sense of Ultrasonic Radiation Pressure 
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